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Commercial/industrial building owners, asset

managers, insurers, and facilities leaders

responsible for capital planning and risk
mitigation, as well as architects, roofing
contractors, consultants, adjusters, and real
estate investors evaluating roof condition,
performance, or replacement strategy, should
read this article to learn more about:

* Why a roof should be treated as an
engineered, managed asset—not a
commodity.

e How most catastrophic losses remain
predictable and preventable.

«  Why material selection must align with
exposure, not trends.

¢ How code-aligned wind and drainage
design drives insurance and lifecycle
outcomes.

* How restoration, QA/QC, and data-driven
maintenance unlock capital efficiency.

Executive Summary

Commercial roofing in 2026 is defined by a set
of intersecting pressures: stricter energy codes,
increased climate volatility, labor constraints,
the expansion of industrial real estate, and
owner expectations for both durability and
sustainability. At the same time, advances in
membrane chemistry, attachment technology,
and digital inspection tools are transforming
how roofs are designed, built, and managed.

Yet despite the progress, most losses continue
to trace back to the same root causes: hail-
susceptible systems, drainage failures, wind-
vulnerable edges and corners, poor flashing
details, and deferred maintenance. As more
owners treat the roof as an energy asset—
hosting solar, regulating heat, collecting
stormwater—the consequences of getting the
design wrong have never been higher.
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EXPERT VOICES

Michelle Feduccia

Michelle draws on her forensic
engineering background to analyze
how the building code, drainage
design, wind-uplift, and transition
detailing drive the failure modes
highlighted in this paper, linking
code-aligned requirements to
practical strategies for preventing
predictable commercial roofing
losses.

Dan applies his forensic analysis

and damage assessment expertise

to the paper’s discussion of failure
mechanisms, code-driven design,
and resilient assemblies. He examines
material performance and real-world
loss patterns to clarify why modern
roof systems fail.

This article provides a deep technical dive into
current material trends, failure mechanisms,
engineering best practices, and the evolving
market forces shaping the modern commercial
roof.

Trends in Commercial
Roofing Materials
and Energy-Efficient
Roofing Systems

TPO and PVC Roofing Systems
Dominate Low-Slope Commercial
Roofing

In the U.S. low-slope market, single-ply
membranes have transitioned from a “popular
option” tothe dominant standard. Thermoplastic
polyolefin (TPO) in particular now represents
more than half of new commercial low-slope
installations, driven by a combination of:
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” Fast installation on large distribution centers
and logistical facilities.

”» Heat-welded seams that provide strong,
consistent joint strength.

” High reflectivity supporting cool roof and
energy code compliance.

”» Competitive cost compared to multi layer
modified bitumen systems.

Market Share,
Roof Area %

6‘1' 4 6" é? 6‘? @q’ &q.p"?@\wo“q’,&"mu"'@”",p&@a o'& &1@0

Figure 1 - Market Share By Roof Type (Source:
Building Enclosure Online - Sustainability
versus Resiliency By Thomas J Taylor).

Polyvinyl chloride (PVC) remains a strong player,
especially in food processing, manufacturing,
and restaurant environments where chemical
exposure (oils, greases, fats) demands a
membrane constructed for chemical resistance.

Standing Seam Metal Roofing
for Long Lifespan and Solar-
Ready Commercial Roofs

Standing seam metal roofing is seeing renewed
interest, particularly in big-box retail, owner-
occupied facilities, and industrial sectors with
long-term hold strategies. Long service life,
minimal maintenance needs, and compatibility
with solar using clamp-on racking systems
that avoid membrane penetrations make it
increasingly attractive.

Owners planning PVC deployment often view
metal as a 40 year platform that can support
multiple solar array lifecycles without reroofing
interruptions.
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Figure 2 - Standing Seam Profiles
(Source: National Roofing Contractors
Association - Roofing Manual: Metal Panel
and SPF Roof Systems).

Sustainable Commercial
Roofing with Green and
“Blue Roof” Systems

Driven by environmental, social, and governance
(ESG) programs, water management
requirements, and urban heat concerns, green
roofs (vegetated assemblies) and “blue roofs”
(water detentionroofs) areincreasingly common
in urban environments. These assemblies require
stricter controls around:

» Structural load.

” Root barrier integrity.

» Drainage strategy and overflow capacity.
» Compatibility with membrane type.

As building owners pursue Leadership in
Energy and Environmental Design (LEED)
credits or municipal stormwater incentives, roof
assemblies increasingly serve multifunctional
roles beyond weather protection.

Extending Commercial
Roof Lifespan with Coatings
and Restoration
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Large corporate portfolios, especially
warehouses, industrial campuses, and retail
chains, are turning to coating systems to
extend life cycles by 10-20 years at a fraction
of the replacement cost. Silicone and styrene
ethylbutylene styrene (SEBS) coatings
dominate high ponding environments, while
acrylic and urethane systems perform well
on sloped or positively draining roofs.

Restoration is now viewed as a core asset
management tool rather than a stop gap
measure.

Commercial Roofing
Materials and System
Selection for Low-
Slope Roofs

Selecting the “best roof” requires aligning
material behavior with building codes, climate,
risk exposure, occupancy type, and long-term
maintenance strategy. Each system carries
distinct engineering considerations.

Stend Dieck  Fasteners & Plates w

Figure 3 - Typical Ballasted BUR Roof System
(Source: Why Put Gravel on a Flat Roof - The
Purpose of Gravel on Rooftops - IKO).
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TPO (Thermoplastic polyolefin)
Strengths

” High reflectivity reduces cooling loads.

” Heat-weldable seams provide strong,
monolithic joints.

”» Competitive installed cost.

” Generally easy to troubleshoot for
maintenance.

Considerations

”» Performance varies by formulation and
thickness.

» Thicker caps (80-90 mil) significantly
improve puncture and UV resistance.

” More sensitive to heat welding window than
PVC, increasing QA demands.

PVC and PVC KEE
Strengths

» Superior chemical resistance in food,
industrial, and restaurant exposures.

”» Welded seams with broad heat window
tolerance.

” Excellent flexibility and fire resistance.

” Generally easy to troubleshoot for
maintenance.

Considerations

” Higher material cost.
» Plasticizer migration concerns in non-KEE
formulations over long service life.

Ethylene Propylene Diene
Monomer (EPDM)

Strengths

” Long service history with excellent cold-
weather performance.

» High hail resistance due to elasticity and
thickness options.


https://www.iko.com/comm/why-put-gravel-on-flat-roofs/
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Large sheets reduce the number of seams.
Considerations

Seams rely on tape and adhesive rather than
welding.

Requires meticulous surface preparation.

Slightly more difficult to troubleshoot for
maintenance.

Modified Bitumen (Mod-Bit) /
Built-Up Roofing (BUR)

Strengths

Multi ply redundancy improves puncture
resistance.

Proven durability when installed with proper
detailing.

Excellent choice for complex penetrations or
high traffic roofs.

Considerations

Labor-intensive installation.

Torch applied systems require strict safety
controls.

Difficult to troubleshoot for maintenance.

Standing Seam Metal
Strengths

Long service life (40+ years).

Concealed fasteners reduce leak risks.

Most compatible platform for PV without
penetrations.

Generally easy to
maintenance.

troubleshoot  for

Considerations

Requires engineered thermal movement
detailing.

Not ideal for roofs with
penetrations.

numerous
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Positive Roof Drainage
and Ponding Prevention

The most persistent loss driver, drainage failures,
stem from inadequate slope, clogged drains,
deck deflection, or mechanical units added
after construction. Lack of positive drainage or
proper slope (as defined by the International
Building Code) can cause ponding. Ponding
water accelerates membrane aging, promotes
algae growth, and adds significant structural
load with every additional inch of water
contributing over 5 psf of weight.

IBC 2024 - Section 1502 (Definitions)

Positive Roof Drainage

Positive roof drainage accounts for roof deck
deflection under load and provides sufficient slope
so water drains within 48 hours of precipitation
(IBC 2024 §1502).

IBC 2024 - Section 1507.10.1 Slope

Built-up roofing generally requires a minimum
design slope of 1/4:12 (2%) for drainage; coal-tar
built-up roofing is permitted at a minimum slope of
1/8:12 (1%) (IBC 2024 §1507.10.1).

IBC 2024 - Section 1502.2

1502.2 Secondary (Emergency Overflow) Drains
or Scuppers

Where roof drains are required and roof perimeter
construction could trap water above the roof
surface, secondary (emergency overflow) drains

or scuppers are required and must be sized and
installed in accordance with IBC 2024 §1611 and the
International Plumbing Code (IBC 2024 §1502.2).

Ponding also interferes with many coating
chemistries. Silicone and SEBS generally tolerate
ponding; acrylics tend to fail prematurely under
long-term immersion.

isheld.com/insights
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IBC 2024 - Section 1611.2 (Ponding Instability)
requires evaluation of ponding instability when
drainage or slope is inadequate.

Commercial Roof Wind Uplift
Risks and Edge Protection

Wind rarely peels back the middle of a roof;
failures typically originate at the perimeter
or corners, where uplift pressures can be 2-3
times higher than in the field (IBC 2024 §1504.1;
Chapter 16, wind loads per ASCE 7-22).

FM 1 29 guidance now mandates differentiated
design ratings across zones. A roof designed for
a 45 psf uplift, for example, may require:

Field: Class 90.
Perimeter: Class 150.
Corners: Class 225.

Failure to engineer these zones properly is a
leading cause of catastrophic loss following
hurricanes and high wind events. Codes attempt
to reduce this damage, but no roof is immune
to wind.

FM 1-29 Wind Uplift Zones (lllustrative)
Typical multipliers: Corner = 2.5x Field, Perimeter = 1.7x Field

CORNER PERIMETER CORNER

FIELD
{Lowest Pressure)

PERIMETER
R:ENENER]

CORNER PERIMETER CORNER

Figure 4 - FM-129 Wind Uplift Zones
(Source: J.S. Held, LLC).

Penetration and Flashing Risks
with Maintenance Strategies

Transitions remain the weakest point on most
commercial roofs. Common issues include:

jsheld.com/insights

Undersized or poorly installed pipe boots.

HVAC curb flashings with inadequate welds.

Counterflashing is not terminating at the
proper elevation.

Termination bars are not sealed or fastened
appropriately.

Incompatible sealants
membrane chemistry.

interacting  with

Even the best membrane fails if transitions are
not engineered and installed correctly.

Extending Commercial Roof
Lifespan Through Preventive
Maintenance and Inspections

All membranes degrade over time, but much
of the early life damage is avoidable. Regular
inspections, timely small repairs, drain cleaning,
and preventive maintenance can add years to
the service life.

Infrared (IR) scanning, drone surveys, and
moisture mapping are increasingly essential
elements of a modern maintenance program.

Figure 5 - Thermal Scan of Roof
(Source: Stock Image).
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Engineering Low-
Slope Commercial
Roofing for Wind,
Drainage, and Thermal
Performance

A high-performance roof begins long before
installation in the design phase, where physics,
climate, and safety converge.

Wind-Resistant Design
and Securement

Engineering design typically starts with wind.
Using the building code, ASCE 7 and FM
128 (wind design) and FM 129 (securement),
designers calculate pressures for field,
perimeter, and corner zones. Edge metals must
comply with FM 149. Where FM 152 field uplift
testing is used, designers must understand the
test’s limitations and variability.
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Figure 6 - Base Sheet Fasteners and Plates
(Source: National Roofing Contractors
Association - Roofing Manual:
Membrane Roof Systems).

Thermal Expansion
Considerations

Metal and thermoplastic systems experience
significant thermal cycling. Clips, fasteners,
and expansion joints must allow for predictable
movement, or the roof will develop buckling, oil
canning, or seam stress failures.

Moisture and Vapor Management

As insulation R-values increase, so does the risk
oftrappedmoisture. Dew point modeling ensures
the assembly avoids interstitial condensation.
Vapor retarder selection depends on:

” Interior humidity class.

” Deck permeability.

» Climate zone.

”» Occupancy type (healthcare, pools, cold
storage).

Commercial Roof
Insulation Strategies

Most commercial roofs use polyiso insulation
for its high R-value per inch and low weight.
A dual-layer, staggered joint configuration
reduces thermal bridging and minimizes
fastener telegraphing.

Positive Drainage

International Building Code, Building:

POSITIVE ROOF DRAINAGE. The drainage
condition in which consideration has been
made for all loading deflections of the roof
deck, and sufficient slope has been provided to
ensure drainage of the roof within 48 hours of
precipitation.

Designing for 1/4 in./ft minimum slope s
essential. Modeling long-term deck deflection—
especially on bar joist systems—prevents
future ponding. Secondary drains or overflow
scuppers provide critical protection during
extreme rainfall.

N |
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Ensuring Quality
Installation in Low-
Slope Commercial
Roofing Systems

Even the best design fails without quality
installation. Labor shortages amplify variability,
making QA/QC essential.

Preconstruction Mockups
and Installation Sequencing

Preconstruction mockups for seams, flashings,
and edge metals set quality benchmarks.
Sequencing matters: perimeter and corner
securement must be installed early and verified
before field work continues.

Protecting Substrate Integrity
and Moisture Control

Wet insulation or moist decks, if trapped under a
membrane, lead to blistering, mold, and reduced
adhesion. Successful projects rigorously protect
materials from the weather.

Nondestructive Inspection
Technologies

Technologies such as electronic leak detection
(ELD), infrared (IR) scanning, and probe testing
of welds are standard tools for validating
installation quality

Proactive Maintenance
and Asset Management

Modern commercial roofs are no longer “install
and forget” systems—they are managed assets
requiring proactive care, including:

» Biannual Inspections and Post Event
Assessments. Spring/fall inspections, plus

\I/
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reviews after hail or wind events, catch issues
early. Drone surveys and thermal imaging
improve detection and reduce risk on large or
complex roofs.

” Embedded Sensors and “Smart Roofs.”
Moisture, temperature, or pressure sensors
embedded in the assembly provide predictive
alerts. For mission-critical facilities like
healthcare facilities, cold storage complexes,
and data centers, these systems are becoming
more common.

”» Drainage and Small Repairs. Routine tasks
such as cleaning scuppers, resealing penetration
boots, and maintaining protective walk pads
prevent many avoidable leaks.

» Restoration vs. Replacement. When the
membrane is aging, but the substrate is sound,
coatings can significantly extend life. Chemistry
selection must consider ponding conditions, UV
exposure, and climate.

Reroofing Trends
and Market Demand

Reroofing continues to dominate sector activity.
National Roofing Contractors Association
(NRCA) market indices show steady demand
across 2024-2025, with low-slope sentiment
softening but remaining stable in the long-
term. Energy codes, ESG reporting, and PV
deployment are expected to strengthen demand
through 2026 and beyond.

Good Practices for
Desighing and
Managing Low-Slope
Commercial Roofing
Systems

1. Match material to the building’s risk
profile and use case. Examples include
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climate, chemicals, hail, complexity, and
PV integration.

2. Always design wind first, then snow,
thermal, and moisture. Be sure to upgrade
edges/corners accordingly.

3. Engineer drainage intentionally, not by
assumption. Don’t forget to include taper,
overflow, and deflection modeling.

4. Control moisture through vapor analysis
and compatible materials.

5. Institutionalize QA/QC with mockups,
testing, and oversight.

6. Instrument the asset using inspections, IR,
drones, and sensors.

Summary and Practical
Guidance for Managing
Commercial Roof
Performance

” Single-ply membranes (especially TPO
and PVC) continue to dominate low-slope
commercial roofs because they balance speed
of installation, welded-seam performance, and
energy-code-friendly reflectivity, if detailing
and QA/QC keep pace.

” Most high-severity losses still originate at
predictable weak points: drainage/ponding,
edge-and-corner wind uplift, and penetration/
flashing transitions. Designing and verifying
these details delivers outsized risk reduction.

”» Drainage is both a durability and structural
issue. Positive roof drainage must account for
deck deflection and achieve drainage within 48
hours. Trapped-perimeter conditions require
secondary (emergency overflow) drainage.

”» Wind design should be zone-specific. Roof
assemblies and edge securement must resist
code-prescribed wind loads, which are higher
at perimeters and corners; align attachment
patterns and edge systems to those pressures.
” For retrofits and reroofing, verify when
slope and secondary drainage upgrades are
required—or when exceptions apply—and

document ponding stability evaluations where
applicable.

” Owners get the best life-cycle value when
roofing is managed as an asset: routine
inspections, drain maintenance, nondestructive
testing, and timely repairs reduce premature
failures and improve ROl on restoration
strategies.

The next generation of commercial roofing
performance will be won less by novel materials
and more by disciplined engineering: wind-
first securement, deflection-aware drainage,
and repeatable quality controls, all validated
by inspection and backed by code-aligned
documentation.
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